This prospective study was to investigate the possible risk factors for the leakage of chemotherapeutic agent into the systemic circulation after transcatheter arterial chemoembolization (TACE) of hepatocellular carcinoma (HCC). Peripheral plasma concentrations of chemotherapeutic agents were determined at 1 hour and 72 hours after TACE by highperformance liquid chromatography in 53 patients. HCC were divided into three types namely single nodule (<5 cm), multiple nodules (all <5 cm), and main nodule measuring 5 cm or more. Forty-four patients (83%) showed detectable chemotherapeutic concentrations within 72 hours after TACE. Patients with single nodular-type HCC had lower incidence of detectable plasma chemotherapeutic agents after TACE than the other two groups (all p < 0.05). The injected doses of lipiodol, epirubicin, and mitomycin C were lower in patients without detection than in patients with detectable chemotherapeutic agents (all p < 0.05). Multivariate logistic regression showed that tumor type and injected dose of lipiodol were two independent risk factors for the leakage of mitomycin C at 1 hour after TACE (all p < 0.05), and the injected dose of mitomycin C was the risk factor for the leakage of epirubicin at 1 hour after TACE (p < 0.05). In conclusion, multiple nodular type and large nodule measuring 5 cm or more have a risk of leakage of mitomycin C after TACE. Injected dose of lipiodol and mitomycin C as risk factor for the leakage of mitomycin C and epirubicin respectively may be because of competition of their injected volume within the limited space of target.
Introduction
Transcatheter arterial chemoembolization (TACE) is a palliative method for the management of hepatocellular carcinoma (HCC) [1e3] . However, the optimal schedule, best anticancer agent, and best technique for TACE are still unclear [3e5] . Several embolic agents have been used in TACE. Although lipiodol [5e7] and absorbable gelatin sponge or starch microspheres [8, 9] have been applied in TACE, there is no strong evidence to show the advantage of these agents to delay the clearance of chemotherapeutic agent from the liver after TACE. Application of nonabsorbable polyvinyl alcohol microspheres as the embolic agent in TACE was also reported of no influence on the reduction in the systemic toxicity of chemotherapeutic agent in liver metastases [9, 10] . On the other hand, chronic hepatitis B and C viral infections are two major etiologies in developing HCC [11, 12] . Flare-up of hepatitis because of reactivation of hepatitis B or hepatitis C virus is a well-known complication in patients with malignant disease who receive chemotherapy [13, 14] . Although TACE is not a systemic chemotherapy, there are evidences showing the influence of TACE on replication of hepatitis B or hepatitis C virus [15e18] . Moreover, the plasma concentrations of the leaked chemotherapeutic agents after TACE may not be enough to exert their chemotherapeutic effects on the residual cancer cells. This may increase the risk of chemotherapeutic resistance of the residual cancer cells. Therefore, understanding the risk factors for the leakage of chemotherapeutic agent after TACE is very important in long-term management of these patients. The purpose of this prospective study was to investigate these risk factors, which had not been clarified in the previous studies.
Patients and methods

Patients
From February 2008 to February 2009, a total of 53 patients with HCC who planned to receive TACE were included ( Table 1 ). The diagnosis of HCC was based on fine-needle aspiration cytology and/or biopsy. HCC were divided into three types namelysingle nodule (<5 cm), multiple nodules (all <5 cm), and main nodule measuring 5 cm or more with or without daughter nodules. For 17 patients with single nodule of HCC, 10 patients received further local ablation therapy and 1 patient received operative resection at least 1 week after TACE. The remaining six patients refused operative resection or local ablation therapy because of their personal reasons. The diagnosis of arterioportal shunt was based on the pre-TACE angiography and was made by a radiologist. The patients with large arterioportal shunts, which needed to be particularly treated by implantation of various sizes of Nester embolization coils (Cook, Inc., Bloomington, IN, USA), were excluded. None of the patients had shunts communicating with the hepatic arterial system and the hepatic venous system. The diagnosis of liver cirrhosis was based on a coarse and contracted liver on abdominal sonography with at least one of the following two positive findings, including (1) esophageal or cardiac varices found by endoscopic examination and (2) presence of portal collateral circulation with or without splenomegaly on computed tomography. Chronic hepatitis B or hepatitis C was diagnosed by positive serum hepatitis B surface antigen or antihepatitis C antibody for more than 6 months. This study was approved by the Institutional , Tokyo, Japan) as chemotherapeutic agents and 2 patients received epirubicin alone. Each vial of chemotherapeutic agent (epirubicin 10 mg/vial, mitomycin C 2 mg/vial) was dissolved by 2 mL contrast medium (Ultravist; Bayer Schering Pharma AG, Berlin, Germany). The desired doses of chemotherapeutic agents and lipiodol in separate syringes were well mixed by a connector before injecting into the lesion. The doses of chemotherapeutic agents and lipiodol were decided by the radiologist based on the following criteria. The dose of total injected lipiodol depended on the sum of the diameters of target nodules (1 mL lipiodol for 1 cm diameter). The maximum dose of lipiodol was 10 mL in each session of TACE. The estimated volume of total injected chemotherapeutic agents was twice of lipiodol volume. However, the actual injected volume of chemotherapeutic agents could be reduced because of the condition of the patient, such as presence of leucopenia. To minimize the possible damage of hepatic parenchyma caused by TACE, all patients received superselective procedure for embolization of the tumor. The procedure of TACE was complete when all detectable supplying arteries of the tumor and arterioportal shunt were embolized evidenced by immediate post-TACE angiography. The whole procedure of TACE was carried out by an independent radiologist who did not know the contents of the study. Totally, three radiologists with different experience in TACE procedure (DKW, 19 years; PMCS, 10 years; MLC, 2 years) were involved.
Determination of epirubicin and mitomycin C concentrations in plasma
Plasma concentrations of chemotherapeutic agents (epirubicin and mitomycin-C) were measured at 1 hour and 72 hours after TACE. The plasma used for the study were collected immediately drawn from the peripheral veins of the patients and were stored at À20 C for further investigation. Plasma concentrations of epirubicin and mitomycin C were detected by high-performance liquid chromatography ( 
Results
Patients with main HCC nodule measuring 5 cm or more received higher injected doses of chemotherapeutic agents and lipiodol than the other two groups of patients ( Table 2 ). The injected doses of lipiodol were lower in patients with single nodule of HCC than in patients with multiple nodules of HCC. Plasma epirubicin and mitomycin C were detected at 62.3% (n Z 33, 7.2 ng/mL and 2.2e65.8 ng/mL) and 64.7% (n Z 33, 4.8 ng/mL and 2.6e19 ng/mL), respectively at 1 hour after TACE, and 15.1% (n Z 8, 16.7 ng/mL and 6.1e32.2 ng/mL) and 2% (n Z 1, 4.8 ng/mL), respectively at 72 hours after TACE ( Fig. 1A and B ). Overall, 44 patients (83%) showed detectable plasma epirubicin and/or mitomycin C concentrations within 72 hours after TACE (Table  3) . Patients with single nodular-type HCC had significant lower incidence of detectable plasma chemotherapeutic agents than the other two groups of patients. The injected doses of lipiodol, epirubicin, and mitomycin C were significantly lower in patients without detection than in patients with detectable plasma chemotherapeutic agents. Plasma epirubicin and mitomycin C concentrations at 1 hour after TACE showed positive correlation with their corresponding injected doses (r Z 0.44, p < 0.01 for epirubicin; r Z 0.47, p < 0.001 for mitomycin C). Plasma epirubicin concentrations at 72 hours after TACE also showed positive correlation with their corresponding injected doses (r Z 0.4, p < 0.01) and their corresponding plasma concentrations at 1 hour after TACE (r Z 0.31, p < 0.05). Tumor type, injected doses of chemotherapeutic agents and lipiodol, lipiodol/contrast medium ratio, presence of arterioportal shunt, using absorbable or nonabsorbable embolic agent and doctors with different experience were used as items in multivariate logistic regression. Tumor type (p < 0.05) and
injected dose of lipiodol (p < 0.05) were two independent risk factors for the leakage of mitomycin C at 1 hour after TACE, and the injected dose of mitomycin C (p < 0.05) was the risk factor for the leakage of epirubicin at 1 hour after TACE investigated by multivariate logistic regression. Five patients (9.4%) showed increasing plasma epirubicin (four patients) or mitomycin C (one patient) concentrations at 72 hours after TACE ( Fig. 1A and B ) ( Table 4 ). Patients with main HCC nodule measuring 5 cm or more had significantly higher incidence of increasing plasma epirubicin or mitomycin C concentrations at 72 hours after TACE than patients with other types of HCC (4/12 vs. 1/41, p < 0.01). Patients with arterioportal shunt also had significantly higher incidence of increasing plasma epirubicin or mitomycin C concentrations at 72 hours after TACE than patients without arterioportal shunt (3/10 vs. 2/43, p < 0.05). Multivariate logistic regression using tumor type and presence of arterioportal shunt as items showed that presence of arterioportal shunt might be the risk factor for increasing plasma chemotherapeutic agents at 72 hours after TACE (p Z 0.0718).
Discussion
The present results showed high incidence of leakage of injected chemotherapeutic agents within 72 hours after TACE. Leakage mainly occurred soon after TACE. Afterward, the plasma concentrations of leaked chemotherapeutic agents decreased gradually. Because the systemic circulated mitomycin C has very short half-life, most patients showed undetectable peripheral plasma concentrations of mitomycin C at 72 hours after TACE. Therefore, we applied data obtained 1 hour after TACE to investigate the risk factors for the leakage of chemotherapeutic agents after TACE. The present results showed that the tumor type and the injected doses of lipiodol were two independent risk factors for the leakage of mitomycin C at 1 hour after TACE. The vascularity of HCC usually will increase with increasing tumor size [19] . This indicates that the tumorrelated draining venous system is more prominent in larger HCC than in smaller HCC. The injected chemotherapeutic agents thus had higher probability to leak out in larger HCC measuring more than 5 cm than in single nodular-type HCC. On the other hand, embolization of multiple nodules of HCC usually needed to inject chemotherapeutic agents to different parts of the liver. This also will increase the probability to leak out the injected chemotherapeutic agents to systemic circulation. Therefore, patients with multiple nodular-type HCC had higher incidence of leakage of injected chemotherapeutic agents than patients with single nodulartype HCC. Because lipiodol cannot absorb chemotherapeutic agents, injection of lipiodol may compete with the injected volume of chemotherapeutic agents within the limited space of target and thus become a risk factor for the leakage of mitomycin C. The injected dose of mitomycin C becoming a risk factor for the leakage of epirubicin at 1 hour after TACE may also be because of competition of their injected volume within the limited space of target. The new drug-eluting microspheres, which can absorb chemotherapeutic agents, may be a good modality to obliterate these competition effects within the tumor [20] . The reason why the risk factors for the leakage of mitomycin C do not become risk factors for the leakage of epirubicin needs further investigation. Few patients in the present study had increasing plasma epirubicin or mitomycin C concentrations at 72 hours after TACE. This indicates that the injected chemotherapeutic agents were initially plugged within the lesion and were released subsequently. The present study did not include patients with large arterioportal shunts because these shunts are very difficult to be completely obliterated and leakage of injected chemotherapeutic agents can be expected. However, our result still showed that the presence of small arterioportal shunts, which did not needed to be treated by coil, might be a risk factor for the delay in releasing chemotherapeutic agents into systemic circulation after TACE. This implies that even small arterioportal shunt might have the tendency to rapid recanalization soon after TACE by our method. The new drug-eluting microspheres not only can absorb chemotherapeutic agents but also can prevent recanalization of the embolized vessel [21] . This may be a good modality to prevent delay in releasing injected chemotherapeutic agent after TACE. Further study using large number of patients may be necessary to clarify this issue.
In the present study, HCC was classified into three types based on the intrahepatic tumor burden rather than American Joint Committee on Cancer TNM system or other staging systems. This is because that the intrahepatic tumor burden was the main determinant for the injected doses of chemotherapeutic agents, lipiodol, and embolic agent. On the other hand, 24.5% (13/53) patients did not have concomitant liver cirrhosis based on our criteria. Because we did not perform liver biopsy in each patient, the ratio of noncirrhotic patients in the present study might be overestimated. However, this will not influence our results because the factor of arterioportal shunt, which may exist in patients with cirrhosis, is considered in the analysis of data.
The present study indicates that the transient leakage of the injected chemotherapeutic agent into systemic circulation after TACE is very common. Tumor type and injected dose of lipiodol may be risk factors for the leakage of mitomycin C after TACE. High-injected dose of mitomycin C may interfere with the stasis of epirubicin within the tumor and become a risk factor for the leakage of epirubicin after TACE.
